Introduction
A considerable amount of information is available on effects of ultraviolet-microbeam irradiation of delimited area within cells in culture.
In experiments with mitotic cells, it has been found that the irradiation of a chromosome produces a loss of deoxyribonucleic acid (DNA) and histone at the site of irradiation (Bloom and Ozarslan 1965 , 1965 , Takeda 1964 , and also that the spindle diminishes in size or disappears temporarily following the irradiation at any part of cell (Izutsu 1959 , 1961a , 1961b , Takeda and Izutsu 1961 , Uretz et al. 1954 , 1955 , Wada and Izutsu 1961 , Yashima 1962 .
In experiments with interphase cells, some authors have reported that about 2/3 of labeling of cytoplasmic ribonucleic acid (RNA) is suppressed by the nucleolar irradiation (Perry et al. 1961) , while the extra-nucleolar nuclear irradiation results in a progressive inhibition of DNA synthesis for several hours after the irradiation (Dendy and Smith 1964) . The present study has carried out an autoradiographic observation on effects of the ultravioletmicrobeam irradiation of different cellular sites on RNA, DNA and protein synthesis in culture of HeLa cells, in order to compare the pattern of in hibition in a single cell type.
Material and methods
The wild HeLa cell line has been grown in a stational culture in the medium composed of 20 percent bovine serum and 80 percent YLE solution, which contains 5g lactalbumin hydrolysate and 1g yeast extract in Earle's balanced saline solution of 1,000ml. For ex periments of the irradiation the cells were cultivated on a quartz coverslip (0.08mm thick) by the culture method used routinely in our laboratory (Yashima 1962 , Yatani 1965 The irradiated cells were relocated on the autoradiographic slides using diagrams made at the time of irradiation, and were then photographed. The number of silver grains over the nucleolar, extra-nucleolar nuclear and cytoplasmic areas was counted on the photographs, and was tabulated after making a correlation for background.
An estimate of the synthetic activity for each area in the irradiated cells was computed as a percentage of the average grain count for the corresponding area of unirradiated control cells, according to the procedure described by Perry, Hell and Errera (1961) . These irradiated and control cells were selected from the equal-sized cells bearing the nucleoli less than three unless otherwise indicated in the same fields of the rapid growing cultures. In the autoradiographic findings of the nucleolus-irradiated cells, a circular portion bearing fewer grains is found in the nuclear area around the irradiated nucleolous within a few hours after the irradiation at a dose of 10 seconds, and is also frequently found for several hours or more at a dose of 25 seconds (Figs. 3 and 4) . three groups of the cells where either an extra-nucleolar nuclear portion, or a cytoplasmic portion, or all nucleoli in a cell, were irradiated with a total time of 25 seconds in a different cell. In this series of experiments the cells bearing the nucleoli less than three were selected in the same fields and each exposure time of the nucleoli in a cell was properly adjusted according to a ratio of their size.
The results are summarized in Fig. 5 The present study reveals that the selective irradiation with an ultraviolet microbeam at a nucleolar or extra-nucleolar nuclear portion does not only induce rapidly the inhibition of RNA synthesis at the irradiated area, but also the inhibition spreads widely throughout the nucleus as the side-effect within a period of about one hour after the irradiation. However, this inhibition is partly repaired in a few hours. Both the cytochemical findings and the time relationship of the recovery are in a good agreement with the results of morphological observa tions reported by some authors. Yashima (1962) has observed effects of the irradiation on mitotic HeLa cells in culture, using the same apparatus and method in our laboratory. He demonstrated that the cytoplasmic irradiation of metaphase cells affected the mitosis the most intensively; thirty minutes after the irradiation the characteristic arrangement of the mitochondria along the spindle contour began to be disturbed and subsequently the metaphase arrangement of the chromosomes was completely lost. Furthermore, he reported that the irradiated cells reconstructed a new small spindle and then was barely possible to progress into anaphase by about 100 minutes after the irradiation. The similar results have obtained in studies performed on grasshopper spermatocytes in vitro (Izutsu 1959 (Izutsu , 1961 , cultures of newt fibroblasts (Uretz, Bloom and Zirkle 1954) , seed plants (Zirkle, Uretz and Haynes 1960) , and developing sand-dollar eggs (Uretz and Zirkle 1955) . Zirkle, Uretz and Haynes (1960) described that this injury is probably mediated by a spindle "poison" produced photochemically from a precursor which is some constituent of normal cytoplasm. However, this injurious effect on the spindle was also found in the cells irradiated at a portion of either the spindle or the chromosomes, though it was less injurious (Izutsu 1961 , Yashima 1962 facts suggest that the action-mode of the poison produced probably at the irradiated portion is non-specific. However, there is a difference in rates of the side-effect of the cytoplasmic irradiation at both mitotic and interphasic phases; by the cytoplasmic irradiation at the former phase the spindle undergoes the most injurious effect, but at the latter phase the nuclear RNA synthesis is not affected at a significant rate. In this study, however, it is impossible to suppose the presence of a barrier function in the nuclear membrane, because that there is a large difference in a cell thickness at both phases. The cells at metaphase are rounded up in shape, while in this study the irradiation is carried out in the widely spreaded interphasic cells selected. 
